Introduction
Some low molecular weight materials can gelate organic solvents, i.e., they form organogels. The materials are called low-molecular weight gelators. They form a three-dimensional network of crystalline fibers in an organic solvent and cause gelation [1, 2] . The phase behavior of the sol-gel transition in the gelator/solvent systems depends on the melting behavior of the crystallites, and the sol-gel transitions exhibit thermally reversible behavior [3] . The fiber diameter usually ranges from nanometers to micrometers and therefore there exist many interfaces between the fiber and the solution in organogels [4, 5] . Though formation of the fiber morphology with many interfaces is very interesting, the origin of the structural formation does not seem to be fully understood at present stage.
12-Hydroxystaeric acid (12-HSA), which is one of low-molecular weight gelators, [6, 7] can form gels with many kinds of solvents at the concentrations less than 1%. 12-HSA and its salt are widely used such as solidifiers, lubricating greases, cosmetics, adhesives, sealants, soaps etc. The product of 12-HSA is used as a solidifier for disposal of used edible oil after cooking in family kitchens and as a reagent for recovering oil spill in the sea. Commercial products of 12-HSA are usually produced by hydrogenation of castor oil and subsequent saponification. In the hydrogenation process, the commercial products contain impurities such as stearic acid, ricinoleic acid and oleic acid etc. [8] (The amount of impurities is typically 20 − 30 % in weight). Consequently, the sol-gel transition behavior of commercial products of 12-HSA is possible to be largely different from that of pure 12-HSA. In some substances, presence of impurities has a significant effect on properties of the product, e.g., some impurities affect growth rate of certain crystallographic faces, so that the morphology of the crystal changes. In the case of 12-HSA gel, it has been shown that hydrogen bonding between hydroxyl groups is important in formation of the crystalline fibers and "head to head" contacts are formed between carboxylic acid groups as observed in many fatty acids [9, 10] . Existence of different component has a possibility to arrest formation of the hydrogen bonding and consequently growth of the crystalline fibers. As a lower than that of purified 12-HSA and the endothermic peak is very broad because of existence of impurities. On the other hand, the melting and crystallization behaviors of unpurified 12-HSA gel are slightly different from those of purified 12-HSA gels. The SAXS experiments reveal that the fiber structure of unpurified 12-HSA gel is similar to that of purified 12-HSA gel. For the 12-HSA gel in toluene which forms transparent gel, the cross-sectional size of the fiber estimated to be 110 Å for both purified gels and unpurified gels. These results suggest that gel properties of 12-HSA solutions are relatively insensitive to existence of impurities. Transaction matter of fact, it has been shown by Burkhardt, et. al. that polar additives such as alcohols lead to a melting of 12-HSA gel, i.e., addition of alcohols disrupts the crystalline fibers [11] . Thus, from practical and scientific points of view, it is important to clarify how the impurities in the 12-HSA products affect the physical properties of the gels. In this study, we investigated the physical properties of gels of a commercial product and the purified 12-HSA, and explored the effects of the impurities by comparing the properties between them.
Experimental

Samples and sample preparations
Some of 12-HSA (commercial grade) purchased from Wako Chemical Co. were used without purification (hereafter we designate the sample as u-12-HSA), while others were used after purification (hereafter we designate the sample as p-12-HSA). For production of the latter sample, we purified the former sample by repeating recrystallization, i.e., by using ethanol as a solvent and changing temperature. After 12-HSA with a known concentration was dissolved in a solvent by raising temperature, it was cooled at room temperature in order to prepare a gel. In this study, we used various kinds of solvents such as toluene, dodecane and polybutadiene (PB) oligomer with molecular weight of 3,000 (commercial value). It is expected that these solvents do not affect formation of hydrogen bonding between hydroxyl groups, i.e, formation of the fibers, since these solvents are composed of only carbon atoms and hydrogen atoms. The PB oligomer was roughly purified in the manner mentioned in a previous paper [12] . The gels in toluene and in dodecane were transparent and turbid, respectively, while the gels in PB oligomer are transparent in low concentrations and turbid in high concentrations.
Differential scanning calorimetry (DSC)
Differential scanning calorimetry (DSC) was made on a Perkin Elmer DSC7 calorimeter. We employed indium and cyclohexane to calibrate the temperature scale and the heat flow rate. Samples of the 12-HSA gels and powders were weighed about 5mg and sealed with aluminum cells. The thermal traces were obtained at the scanning rate of 3 o C min -1 on heating and cooling measurements. Parts of the measurements of p-12-HSA powder were carried out at the scanning rate of 0.5 and 1.0 o C min -1 in order to estimate the sample purity.
Small-angle X-ray scattering (SAXS) and wide-angle X-ray scattering (WAXS)
SAXS and WAXS measurements were carried out at the beam line 15A (BL15A) and 10C (BL10C) of the Photon Factory at the High Energy Acceleration Research Organization in Tsukuba, Japan. These experiments were carried out at two different sample-to-detector positions. X-ray beam with a wavelength of 1.5 Å was incident upon the sample and the scattered X-ray was detected with an image intensifier coupled to a CCD camera or an imaging plate (IP) (Rigaku R-AXIS). The twodimensional CCD and IP images were circularly averaged to obtain the scattering intensity as a function of scattering vector q = 4π sin(θ/2)/λ, where θ and λ are the scattering angle and the wavelength of X-ray, respectively. The scattered intensity was corrected for background scattering, electrical background, strength of incident Xray beam and exposure time. Fig. 1(a) shows DSC curves of u-12-HSA powder and p-12-HSA powder samples on heating and cooling measurements. On heating, a sharp and large endothermic peak for p-12-HSA powder was observed at 80.9°C, which is close to the value of the melting temperature for 12-HSA powder with 99% purity [12] . We attempted to calculate the purity of p-12-HSA sample from the endothermic peak by using the fractional melting method [13, 14] , to estimate sample purity as 96 %. In a cooling process, a very sharp exothermic peak observed at 74.2°C is attributed to the crystallization of 12-HSA. The peak temperature for u-12-HSA powder sample on heating was located around 78.0°C, which is by ca. 3°C lower than that of p-12-HSA powder. The thermal trace of u-12-HSA powder was enlarged around the peak temperature in Fig. 1(b) . A small endothermic and exothermic peak was observed at 60 o C and 51 o C, respectively. On the other hand, no extra peak was observed for p-12-HSA powder in the temperature region other than the main peaks originated from 12-HSA ( Fig. 1(c) ). On cooling, an exothermic peak located at 69.7°C for u-12-HSA powder was lower peak height than that for p-12-HSA powder. Thus, the impurities strongly affect the melting and crystalline behaviors in powder sample. The quite large difference in the thermal behaviors between p-12-HSA and u-12-HSA suggests that u-12-HSA powder sample is considered to contain quite many unknown components. It was difficult to estimate the sample purity for u-12-
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HSA from DSC results because of too broad curve. Fig. 2 shows comparison of the DSC curves between 10 wt% p-12-HSA and u-12-HSA gels in dodecane (a) and in toluene (b) on heating and cooling processes. Similar to powder samples, an endothermic peak was observed in the heating process, although the peak area was smaller than that of the powder, dependent on the concentration of 12-HSA. The peak area and the peak temperatures of the gels become larger and higher, respectively, with increase of concentration of p-12-HSA(not shown here). It should be noticed that the peak temperatures are below the melting temperature of the powder sample of p-12-HSA. This concentration dependence of the enthalpy of fusion and melting temperature (Tm ) suggest the melting point depression of the crystalline fiber of 12-HSA in the gel. The results of Tm and crystallization temperature (Tc) for various samples are summarized in Table 1 . The difference in Tm (or Tc) between u-12-HSA gel and p-12-HSA gel is smaller in comparison with that of the powder. The depression of the melting temperature of 12-HSA fiber in the dodecane gel is largely different from that in the toluene gel. The Tc and Tm in the dodecane gel are much higher than those in the toluene gel at a given concentration. This difference may be derived from the intermolecular interactions between the gelator and these solvents in the solution, as discussed in the previous paper [12] . The intermolecular interaction between the gelator and toluene may be more favorable than that of the gelator and dodecane, so that the melting depression of the former is larger in comparison with that of the latter.
Structure of crystalline fiber
Here we shall compare the WAXS profiles of u-12-HSA powder, p-12-HSA powder and u-12-HSA gel in the PB oligomer to clarify how purity may affect the crystalline structures of the 12-HSA gel. Fig. 3(a) shows the WAXS profiles for p-12-HSA powder and u-12-HSA gel in the PB oligomer. In the profiles of p-12-HSA powder, two peaks were observed at q = 0.13 Å -1 and 0.41 Å -1 , which, respectively, correspond to (001) and (003) Bragg reflections of the crystal of 12-HSA [12, 15] . In the case of u-12-HSA gel in the PB oligomer, we can detect the peaks at the same positions as that of p-12-HSA powder, indicating that the crystalline fiber is well formed in the PB oligomer, even if the impurity is included in u-12-HSA. The result suggests that the impurity does not prevent formation of the hydrogen bonding between 12-HSA molecules, i.e., formation of the fibers. In addition to the peak derived from p-12-HSA, the peaks due to the impurity of u-12-HSA were also observed. Such additional peak was not seen for 12-HSA (99% purity) gel in PB, as shown in the previous paper [12] . However, the peak height ratio indicates the fraction of the impurity crystal in the gel is quite smaller than that in u-12-HSA powder ( Fig. 3(b) ), since the solvent can solubilize the impurity. This depression of crystallization of impurities due to the solubilization causes the insensitivity of Tc and Tm in gels. for u-12-HSA powder, in addition to the peak of p-12-HSA. The peak at q = 0.158 Å -1 originates from the crystalline structures of the impurity. The peak position is in good agreement with that of a stearic acid (SA) powder as shown in Fig. 3(b) . The spacing estimated from this peak position is very close to that of SA reported by other researchers [15] [16] [17] . These facts suggest that dominant materials of the impurity in u-12-HSA are stearic acid produced in a side reaction of hydrogenation process [8] .
We applied the peak decomposition to the profiles of u-12 -HSA and estimated the fraction of the impurity in u-12-HSA is 12 %. The percentage is also close to that of SA usually contained in 12-HSA produced from castor oil [8] .
The SAXS profile for the mixture of 88% p-12-HSA powder and 12% SA powder shows almost the same form as that of u-12-HSA, consistent with our result of the scattering analysis for u-12-HSA powder. Next, we shall compare the fibril structures of the gels of u-12-HSA and p-12-HSA. Fig. 4 shows SAXS profiles in gels of u-12-HSA and p-12-HSA in toluene. Both profiles show the same shape in Log-Log plot, and a shoulder can be observed at q~0.05 Å -1 in both plots. In the high q-range, we can see (001) and (003) Bragg reflections in both profiles, similar to u-12-HSA gel in PB. However, the signal of the impurities was not almost observed for u-12-HSA gel in toluene. This result may be ascribed to the fact that most of the impurities (SA) are dissolved in toluene. In smaller q-regime, the scattering intensity exhibits q -1 behavior, indicating that the rod-like structures are formed in the gels.
To analyze the rod-like structures quantitatively, we fitted the data with the scattering function of randomly oriented rod particles with radius of the cross-section R and the height H :
, where J1(x) is the Bessel function of the first order and β is the angle between the preferential axis of the rod and the wave vector q. In the fitting procedure to data, we assumed sufficiently long rods (H = 100R ) and also took into account the effects of the distribution of R with a Fig. 3 Comparison of the X-ray scattering profiles for u-12-HSA gel in PB oligomer and p-12-HSA powder (a). X-ray scattering profiles for u-12-HSA powder, p-12-HSA powder, SA powder and the mixture of 88% p-12-HSA and 12%SA (b). The profiles were vertically shifted for visual clarity.
Gaussian function. Moreover, the Bragg peaks were fitted with Gauss functions, which was added to the fit of eq.
(1), and thermal diffuse scattering (TDS) was considered [18] . As shown in Fig. 4 , the calculated scattering functions were well fitted with the experimental data, although the fitted curve was slightly smaller than the data in the middle q-range. The values of mean radius of the cross-section R0 and the standard deviation σ are estimated to be the almost same values 110 Å and 18 Å, respectively, for u-12-HSA and p-12-HSA. The crosssectional size is close to that reported by Terech et. al. [19] . Thus, transparent toluene gels are shown to be composed of crystalline nanofibers with the same size of the cross-section, whether p-12-HSA gel or u-12-HSA gel.
Similarly there was almost no difference in the shape of the scattering profiles between p-12-HSA gel and u-12-HSA gel in dodecane. Thus, irrespective of the existence of impurities, u-12-HSA gel can form the identical fibril structures of the crystal of 12-HSA.
